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(57) The control ofposltion of a bend- 
ing roll 7 of a device for stretch and roll 
levelling of metal strip is carried out by 
taking into account the degree of 
stretch, the tension in the strip and the 
bending work, using a control system to 
make comparisons between a predeter- 
mined desired value represented by a 
signal from a preset device 45 and a 
signal representing the actual value 
derived from measuring rolls 11,12. 
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SPECIFICATION 

Improvements in or relating to levelling of strip 
material 

5 

This improvement relates to the levelling of metal 
strip using the so-called stretch and roll levelling 
method. 

In stretch roller levelling, metal strip passes con- 

10 tinuously through a device including two tensioning 
roll stands which are driven with a controlled speed 
difference to tension the strip by a predetermined 
amount. Arranged between the roll stands are 
bending rolls off-set relative to each other in the 

15 direction along the pass line. The rolls contact 
opposite sides of the strip which is thereby con- 
strained to follow an undulating path. The bending 
rolls may be adjusted in the direction transversely of 
the strip to vary the degree to which the strip bends 

20 as it follows Its path through the device. 

Because it has been stretched and worked in this 
way, the strip emerging from the device is more free 
from inherent stresses and therefore more flat than 
the strip fed to the device. In addition, scale is 

25 removed from the surface strip and desired changes 
in the structure of the strip metal produced. 

With the known devices, the preselected degree of 
stretch is controlled by adjusting the tension in the 
strip. This is achieved by using step-up gearing or 

30 superimposed gearing to mechanically vary the 
speed difference between th upstream and down- 
stream tensioning roll stands. Devices are also 
known in which the strip tension is also predeter- 
mined by means of a speed difference and the 

35 corresponding degree of stretch is then produced. 
The control means of the known devices do not 
always operate satisfactorily, in particular when the 
same device is used at different times to process 
strips made from different materials. In particular. 

40 this is because the main purpose of the known 
devices is to produce flat stip from strip which is 
uneven and has inherent stresses. The main function 
of the control means is therefore to prevent the strip 
from being loaded by excessive tensile stresses and 

45 thus rupturing at weak points. This means, however, 
that it is necessary to accept whatever degree of 
stretch the control means determines should be 
applied to the strip. 
In the past, therefore, attention was paid mainly to 

50 achieving a desired standard of flatness of the strip, 
insufficient attention being paid to the structural 
change produced both in the structure of the strip 
itself and in that of any coating on the surface of the 
strip. 

55 The tensioning of the strip also depends upon the 
work performed on the strip by the bending rolls, 
and this depends upon what may be referred to as 
the insertion depth of the bending rolls, that is. their 
positions relative to a mean strip pass line. Attempts 

60 have been made in the past to produce an optimum 
amount of bending, that is. as much bending as 
possible, to permit minimal tensioning. In this way. 
rupturing of the strip is avoided and the drive 
mechanisms of the tensioning rolls are subjected to 

65 less loading. In line with these attempts, the dia- 



meter of the bending rolls has been made as small 
as possible so as to constrain the strip to follow 
relatively sharp changes in direction. 
An object of the present invention is to provide a 
70 process and device for stretch and roll levelling by 
which rt is possible to produce a strip which is flat 
having minimal stresses, and to effect in the strip a 
desired structural change. 
This object Is achieved by controlling the degree of 
75 stretch, tension and bending work applied to the 
strip, in combination. In accordance with the inven- 
tion, the bending work is taken into account by the 
control means as a further parameter in addition to 
the degree of stretch and tension in the strip, In order 
80 to achieve optimum adaptation of the device to the 
respective requirements with regard to quality of the 
material and flatness of the strip. By controlling the 
operation in this way, it is possible to level strips of 
differing materials and cross-sections but to never- 
85 theless achieve finished products having compara- 
ble properties. ^ ' 

The invention may be carried out using a control 
system including an electronic computer into which 
the mechanical data of a respective desired state 
90 resulting from the strip tension are fed as relatively 
constant values and the corresponding measured 
operating variables are fed as measured values, and 
in which differences and or quotients are formed 
between the constant values and the measured 
95 values, on the basis of which a control signal is 
produced for adjusting the insertion depth of the 
bending rolls. 

As the bending work may be used as a relevant 
factor in controlling the levelling process, it is made 

1 00 use of by the control system by adjustment of the 
insertion depth of the bending rolls. The insertion 
depth of the bending rolls has a direct influence on 
the degree of stretch and tension in the strip, the 
tension being controlled by adjusting the insertion 

105 depth of the bending rolls. In addition to the known 
control circuit for the degree of stretch, there may 
thus be provided a second control system which, 
working with the strip tension, can be combined with 
the first control circuit so as to allow optimum 

110 adjustment of the device depending on the desired 
preselected constant values. 

Preferably a preset constant value of the strip 
tension is compared with the actual strip tension and 
the control signal generated for adjusting the bend- 

115 ing rolls is related to the resultant difference be- ^ 
tween the preset value and the actual value. The 
actual value may be determined by measuring the 
strip tension using for example a measuring roll 
bearing on the strip, and is compared with the preset 

120 value in the computer, the control signal for adjust- 
ing the bending roll being derived from the differ- 
ence between the magnitudes of the signals. 

The quotient of the bending work and tension 
work may be introduced as a relatively constant 

125 preset value which is compared with the corres- 
ponding actual values, and the control signal for 
adjustment of the bending roils produced is related 
to the resultant difference between preset value and 
actual value. The bending work is produced from the 

130 difference in the tensile stresses upstream and 
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downstream of the bending rolls, and the tension 
work can be produced directly by the tensile stress. 
The degree of stretch is thus controlled and adjusted 
in the conventional way. 
5 Rnally, the quotient of the bending work and the 
degree of stretch may be introduced as a relatively 
constant preset value which is compared with the 
corresponding actual value, and the control signal 
for adjusting the bending rolls is related to the 

10 difference between the preset value and an actual 
value. With this solution the two control systems for 
the degree of stretch and the strip tension are 
combined, ie the degree of stretch is introduced 
directly Into the computer so that the difference 

15 between the preset value and the actual value, on 
which is based the control signal for the adjustment 
of the bending rolls, takes into consideration the 
degree of stretch of the strip. 
The invention allows a wide variety of strips to be 

20 processed to meet individual requirements, the 
improvement in the material being influenced parti- 
cularly advantageously. Thus, for example, the in- 
vention allows galvanised strips to be processed 
with a small proportion of bending work so as to 

25 avoid excessive external stresses on the strip and 
thus on the zinc coating. At the same time, the 
invention allows the distribution of the bending and 
tension ratios to be selected and adjusted in a 
different way if necessary or desired, depending on 

30 the desired material properties. 

The invention will now be described by way of 
example, with reference to the accompanying draw- 
ings, in which: 
Figure 1 shows a schematic view of a stretch and 

35 roller levelling device, 

Figure 2 shows a block circuit diagram of a control 
system for the device shown in Figure 1 taking into 
consideration strip tension. 
Figure 3 shows a block circuit diagram of a control 

40 system for taking into consideration the bending and 
tension work, and. 

Figure 4 shows a block circuit diagram of a control 
system for taking into consideration the degree of 
stretch and the bending. 

45 Referring to the drawings, Figure 1 shows a stretch 
and roll levelling device of very simple design for 
levelling strip passing through the device In the 
direction of the arrows. The device comprises pri- 
martiy a brake stand 1 and a tension stand 2. each 

50 provided with tensioning rolls about which the strip 
is passed, an upper bending coffer 3 and a lower 
bending coffer 4 supporting bending rolls 7 and 6 
respectively. The upper bending coffer 3 is mounted 
in a pivotal frame movable about its pivot by means 

55 of a piston and cylinder unit 9. The extent of 
downward movement of the frame 5 is limited by 
stops 8 which therefore set the working position of 
the frame. The stops 8 are adjustable in both vertical 
directions by screws 10, turned by electric or hyd- 

60 raulic drive means. The insertion depth of the 
bending rolls 6 and 7 is therefore determined by 
appropriate adjustment of the stops 8, and the action 
of the piston and cylinder unit 9 causing the frame to 
bear against the stops. The magnitude of the strip 

65 tension Si and S? upstream and downstream of the 
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bending rolls is determined using measuring rolls 12 
and 11 respectively. The roils of the stands 1 and 2 
are driven at differential speeds to establish tension 
in the length of strip subjected to the effect of the 

70 bending rolls 6 and 7. 

Figure 2 is a block circuit diagram of a control 
system (which may take the form of a computer) for 
controlling the tension S? in the strip leaving the 
bending rolls 6 and 7 by controlling the insertion 

75 depths of the bending rolls by adjustment of the end 
stops 8. The strip tension is measured directly on the 
strip passing through the device using the measur- 
ing roll 1 1 . The signal generated by a transducer 
associated with the roll is fed via an amplifier 20 to a 

80 subtracter or comparator 21 which generates a 
signal representing the difference between the strip 
tension S2 of the measuring roll 1 1 and a predeter- 
mined or preset desired strip tension the magnitude 
of which is represented by a signal generated by a 

85 device 22. The difference signal generated by the 
subtracter 21 constitutes a control signal for adjust- 
ing the insertion depth of the bending roll 7, as 
indicated in a broken line. The degree of stretchy is 
adjusted and controlled in a manner known per se, 

90 more specifically by superim position of speed at the 
drive of the tensioning roll stands 1 and 2. 

Figure 3 is a block circuit diagram of another 
control system. In this case, the quotient of the 
bending work which is determined by the tension 

95 difference (S? - 5i) upstream and downstream of the 
bending rolls and the tension work represented by 
the tension S? is controlled in combination with the 
degree of stretch. The subtractor or comparator 34 
processes the values from the divider 33 and from 
100 the predetermined quotient (preset value) signal 
generated by device 35 to form the control signal for 
the adjustment of the bending roll 7. 

Finally, Figure 4 shows another example. The 
quotient of bending work which is determined by the 
105 tension difference (S? - Si) upstream and down- 
stream of the bending rolls and the degree of stretch 
is formed using this control means. As in Figure 3, 
the subtractor or comparator produces a control 
signal for controlling the bending work from the 
110 signals ofthe strip tension measuring rolls 11 and 12 
via the amplifiers 40 and 41 , the resultant value 
being supplied to the divider 43 into which the 
corresponding value for the degree of stretch is 
simultaneously fed. The difference from the preset 
1 1 5 value signal derived from the device 45, from which 
the control signal for adjusting the bending roll 7 Is, 
in turn, derived, is formed from these signals in the 
subtractor 44. 
Reference is made to the specification of our 
120 copending Federal German application no P291 1983, 
to the extent that the disclosure thereof differs from 
that of the present specification. 

CLAIMS 

125 

1 . A method of stretch and roll levelling of metal 
strip, wher-ein the strip passes continuously through 
two tension roll stands driven with a controllable 
speed difference, beween which stands the strip is 
130 subjected to the action of bending rolls which are 




applied to opposite sides of the strip and are 
adjustable relative thereto, whereby the strip is 
tensioned lengthwise and constrained to follow an 
undulating path by the bending rolls, and wherein 
5 the degree of stretch, the tension in the strip and the 
bending work applied to the strip by the bending 
rolls are controlled in combination. 

2. A device for stretch and roll levelling of metal 
strip, comprising upstream and downstream tension 

10 roll stands, means for driving said stands at differen- 
tial speeds, and bending roils located between said 
stands for contact with opposite sides of the strip, 
the bending roils being adjustable relative to a mean 
strip pass line to constrain the strip to follow an 

15 undulating path, in combination with a control 
system into which the mechanical data of a respec- 
tive desired state resulting from the strip tension are 
fed as relatively constant or preset values and the 
corresponding measured operating variables as me- 

20 asured values, and in which differences and or 
quotients are formed between the constant values 
and the measured values, on the basis of which a 
control signal is generated for adjusting the bending 
rolls. 

25 3. A device as claimed in claim 2 including 
means for generating a signal indicative of the 
tension downstream of the bending rolls as a 
relatively constant or preset value, and means for 
comparing said signal with the measured strip 

30 tension (the actual value), the control pulse for 
adjusting the bending rolls being related to the 
resultant difference between the preset value and 
the actual value. 

4. A device as claimed In claim 2, including 
35 means for generating a signal indicative of the 

quotient of the bending woric (the difference be- 
tween tensile stresses upstream and downstream of 
the bending roHsl and the tension work (the preset 
value), means for comparing said signal with the 
40 corresponding measured values, the control signal 
for adjusting the bending rolls being related to the 
resultant difference between the preset value and 
actual value. 

5. A device as claimed in claim 2, including 
45 means for generating a signal indicative of the 

quotient of the bending work (difference between 
tensile stresses upstream and downstream of the 
bending rolls) and the degree of stretch (the preset 
value), means for comparing said signal with the 
50 corresponding measured values, the control signal 
for adjusting the bending rolls being related to the 
resultant difference between preset value and actual 
value. 

6. A method as claimed in claim 1 and substan- 
55 tially as hereinbefore described with reference to the 

accompanying drawings. 

7. A device as claimed in claim 1 and substantial- 
ly as hereinbefore described with reference to and as 
illustrated In the accompanying drawings. 

60 8. A method of stretch and roll levelling of metal 
strip, wherein the control of the relative positions of 
bending rolls applied to opposite sides of the strip so 
as to constrain strip already under tension to follow 
an undulating path is effected by using a control 

65 system to make comparisons between predeter- 



mined desired values of relevant parameters and 
actual measured values. 
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